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論 文 内 容 の 要 旨 
 
In this thesis, we try to study the volatility anomaly and the trading volume 
anomaly in the financial market by one of the most important behavioristic 
biases individual investors are facing, their extrapolation belief. 
Extrapolation means investors tend to form their expectation of future returns 
by previous price trend (Barberis et al. (2016)). They believe the stock price 
will always keep its trend—the price will continue to rise if it has a positive 
cumulative price change, and vice versa. Both psychology papers and financial 
literature provide evidence proving that extrapolation bias can deeply impact 
people’s decision-making process (see, Gilovich et al. (1985); Hirshleifer 
(2001); Barberis and Thaler, (2003); Fuster et al., (2010), e.g.). Theoretical 
models have also proved extrapolation can account for many capital market 
phenomenon, e.g., the overreaction anomalies (Barberis et al.,(1998)), the 
bubble generation (Barberis et al., (2016)), herding investment (Barberis 
and Shleifer (2003)) and so on. Recently, a groundbreaking development of 
extrapolation theory is given by Greenwood and Shleifer (2014) who, using data 
from multiple investor surveys, empirically demonstrated that investors’ 
extrapolative belief is “a weighted average of past price changes, where more 
recent price changes are weighted more heavily.” Based on their work, we 
structure Greenwood and Shleifer Index (GSI) to quantitatively measure the 
extent of investors’ extrapolation belief and then empirically seek its 
impact on volatility and trading volume. Our samples cover data from several 
different financial markets, including stock markets (Chinese stock market, 
Japanese stock market and Nasdaq stock market), the Brent crude oil future 
market, and so on, Chapter 1 seeks its relationship with volatility. 
Volatility, as one of the most important parameters of the financial market, 
changes over time (Fama (1965), Castanias (1979)). Many researchers have 
studied movements in aggregate market volatility from the view of economic 
factors (Officer (1973), 
Flannery and Protopapadakis (2002), Engle and Rangel (2008)). But they only 
find the similar conclusion that the economic factors have limited power in 
explaining the movements in stock volatility (Mittnik, Spindler and Robinzonov 
(2015)). 
Instead of paying attention to economic factors, Chapter 1 tries to seek the 
relationship between the time varying volatility and individual investors’ 
extrapolation belief. After measuring volatility by the method of Realized 
Volatility using 5-min high frequency intraday data, we use a simple least 
squares regression model to investigate its relationship with GSI. This paper 
also distinguishes positive GSI from negative GSI with two dummy variables 
to explore the asymmetric influence that extrapolation belief may have in 
raising market and in declining market. 
Strikingly, we find significant regression result that GSI, no matter positive 
or negative, does statistically affect volatility index for most of the 
financial markets. Additionally, when there is a bigger proportion of 
individual investors, the regression result is better. For example, Chinese 
stock market, with its reputation of individual investor dominated immature 
market, has the biggest individual trading volume proportion as well as the 
best regression result. On the contrary, no significant correlation between 
GSI and volatility can be found in currency market where individual investors 
only trade a very small proportion of the whole amount. When individual 
investors’ proportion maintains a moderate size, like Japanese stock market, 
Nasdaq stock market and the Brent Crude future market, only weak significant 
regression result can be discovered. Besides, the significance of the 
estimated parameter of both positive GSI and negative GSI doesn’t change even 
if we include macroeconomic factors in our empirical test. These empirical 
results indicate that volatility is indeed influenced by individuals’ 
extrapolation belief. 
To test the robustness of the effect that individual investors’ proportion 
has on the explanatory power of GSI, this paper goes further to compare the 
regression results in different stages of the same market by dividing the 
samples of Chinese stock market into core-bubble stage and non-core stage. 
As a result, our test confirms this conjecture. For all three samples of Chinese 
stock market, we do find better regression result in core-bubble stages than 
in non-bubble stages. According to these comparisons, we may cautiously get 
the conclusion that changes in extrapolation belief can be one of the 
reasons causing volatility to change, especially when individual investors 
take a big proportion of the market. Besides, our test gives clear evidence 
of the asymmetric relationship between GSI and volatility. To begin with, our 
empirical result shows the regression coefficients of the negative GSI are 
bigger than those of the positive GSI for all the samples. Also, the 
coefficient significance level of negative GSI is much higher. When GSI>0, 
the regression coefficient is only highly significant in Chinese stock market, 
which turns to weakly significant for other markets. Especially for Nasdaq 
stock market, where no significant relationship between positive GSI and 
volatility can be established. On the contrary, the coefficient of negative 
GSI stays highly significant (p<0.01) across all the samples (except currency 
market). These results demonstrate the asymmetric GSI volatility relationship 
that volatility is more easily affected by individuals ’ extrapolation belief 
during the declining market. These findings in Chapter 1 have meaningful 
implications. Firstly, to the author’s best knowledge, this paper is the first 
one to empirically study the dynamics of volatility across time from the 
perspective of individuals’ extrapolation bias. Secondly, our finding is an 
important supplement to researches about the changing volatility. As 
demonstrated above, previous papers mainly try to explain the fluctuation in 
volatility with economic factors. Pitifully, according to their results, the 
economic factors can only explain a small part of the movements in volatility 
(Mittnik, Spindler and Robinzonov (2015)). But according to this paper’s 
result, volatility index is correlated with extrapolation belief in most of 
the markets, even for the well-developed stock markets. Thus, it is more 
suitable to understand the volatility fluctuation by combining economic 
factors and people’s irrational behave. However, we cannot find a satisfying 
theoretical explanation for this empirical result in previous papers. Because 
most of previous extrapolative papers describe extrapolation belief of 
investors is a deterministic process—it is only determined by past price 
changes. In other words, there is no fluctuation in individuals’ extrapolation 
belief in these models (Barberis et al. (2016)). Hence, why extrapolation 
belief can affect instantaneous volatility still needs theoretical 
explanations. To answer this question, we propose a new extrapolation model 
in chapter 2. Two modifications distinguish our new model from previous ones. 
Firstly, in our model, extrapolative individual investors also pay attention 
to information innovations. 
Secondly, because of the confirmation bias, their evaluation of information 
innovations is influenced by their extrapolation belief. 
As illustrated by Barker and Haslem (1973), individual investors appear to 
have a strong demand for information about product safety and quality, and 
about the company′s environmental activities. They also find individual 
investors will try to use many different methods to get information. Their 
finds are future supported by lots of following research, such as Chenhall 
and Juchau (1977), Epstein and Freedman (1994), 
Lawrence (2013), Xiong et al. (2013). With the fast-growing impact of the 
internet, information is much easier to access for individual investors (Li 
and Liu (2017)). 
Additionally, Confirmation bias is one of the most common biases among 
individuals when they possess information innovations. Confirmation bias is 
a cognitive bias which makes people be more willing to accept information which 
coordinates their previous beliefs. But they are reluctant to receive 
information that is contradictory to their pervious views (Shefrin, 2007). 
This bias has been extensively documented in the psychological literature 
(Lepper (1979), Bodenhausen (1988), Rabin and Schrag (1999)). There is also 
clear evidence indicating confirmation bias is common within investment 
decision process (Forsythe et al. (1992), Shefrin (2007), Park, Konana and 
Kumar (2010)). For example, Duong, Pescetto and Santamaria (2014) 
build a well-defined framework to empirically test the Confirmation bias in 
UK stock market. Their empirical result shows that gloomy investors are more 
likely to underreact to good financial information while optimistic investors 
often fail to update their expectation for bad ones. However, all the investors 
will even overreact to information which is constant with their prior 
beliefs—a clear evidence of Confirmation bias. 
To test more directly whether individual investors are affected by 
confirmation bias as well as extrapolation bias, we use online questionnaire 
survey mothed to learn individual investors’ behaviors when they are facing 
real investment questions. In our survey, respondents are shown with two 
symmetric stock charts, a price-rising one and a price-declining one. Then, 
they are asked which news will have a bigger impact on stocks’ future returns, 
namely “net profit will increase 5% than previous disclosed” or 
“net profit will decrease 5% than previous disclosed”. The price charts are 
used to test if investors are affected by extrapolation bias while the symmetry 
of two charts ensures their extrapolation belief will have the same magnitude. 
Additionally, according to the classic Discounted Cash Flow model (DCF model), 
two news should have the same impact on stock’s future return. If investors 
can evaluate two news with no bias, they will be neutral with them. 
On the contrary, our survey results show that interviewees are holding biases 
when choosing two options, as only about 30% of the respondents believe two 
news will have the same impact on the stocks. On the contrary, more than 42% 
of our respondents choose the positive news for the price-rising stock while 
more than 46% of them believe the negative news will have a bigger impact on 
the price-declining stock. Therefore, this gives us solid evidence that most 
of the individual investors are affected by confirmation bias and 
extrapolation bias at the same time. Additionally, our survey also suggests 
that despair their background, individual investors are more likely to be 
affected by those two bias during the bear market, as more respondents choose 
negative news for the price-declining stock. Based on these literature and 
survey evidence, we assume that extrapolators are also suffered from the 
confirmation bias in the way that extrapolator would be more willing to receive 
the information which is consistent with their extrapolation beliefs, but will 
underreact to those which is not. In other words, extrapolative investors will 
enforce their expectation by new arriving information if the new information 
is consistent with their prior extrapolation belief. When contradictive 
information comes, they may also update their expectation but to a much less 
extent. Nevertheless, in both circumstances, extrapolator’s expectation about 
the future returns are the combination of extrapolation belief and the biased 
update caused by information innovations. In our model, it is this update that 
makes individual investors’ expectations be a fluctuating process instead 
of a deterministic one as in most of earlier works. By proposition analyses 
and high-frequency simulations, we show directly how our framework explains 
why individuals’ extrapolation belief can affect volatility. In our model, 
as the price is determined by the expectations of two types of investors, the 
volatility comes from two resources: the volatility of fundamentalists’ 
expectations which is determined by the exogenous process of information 
innovations, and the volatility of extrapolators’ expectations which is 
determined by both the information innovations as well as their extrapolation 
belief. Hence, the volatility is affected by extrapolators’ extrapolation 
belief through their irrational trading behavior. Naturally, if the proportion 
of extrapolators is bigger, the volatility will be more determined by 
extrapolators’ extrapolation belief. This coordinate with the finding of 
Chapter 1 that the explanatory power of extrapolation belief to volatility 
is determined by the proportion of extrapolators. 
Besides, according to our questionnaire survey, respondents are more likely 
to be affected by their confirmation bias during the bear market. We show this 
phenomenon can explain the asymmetric GSI-volatility relationship that 
volatility is more easily affected by individuals’ extrapolation belief 
during declining market (negative GSI), another important empirical finding 
of Chapter 1. Additionally, we find our model can help to explain the volatility 
clustering, one of the most well-known stylized facts of volatility. 
Volatility clustering means high volatility tend to be followed by high 
volatility, while low volatility is followed by low volatility. Despite the 
extensive development of various statistical models following the ARCH and 
GARCH models pioneered by Engle (1982) and Bollerslev (1986), these models 
offer little theoretical explanation of the mechanism in generating the 
volatility clustering. On the contrary, our model offers a natural explanation 
about volatility clustering. In our model, the volatility is determined by 
individuals’ extrapolation belief which decays quite slow. In other words, 
the clustering Extrapolation Belief drives volatility to cluster. Our model 
predicts the volatility clustering will be more significant when individual 
investors dominate the market. By cooperation of the real financial 
markets and our simulation result, we show our model can greatly reveal the 
volatility clustering in the real world. 
In summary, by combining individual investors’ confirmation bias and 
extrapolate bias, our new model not only can give theoretical explanations 
of the empirical conclusion of Chapter 1, but also can lead us to get new 
findings. To our best knowledge, our model is the first to combine two 
individual investors’ bias. Earlier models based on one bias may be able to 
explain some market phenomenon, our model seems more fruitful. Therefore, our 
model provides a new perspective to study investors’behavior. 
Chapter 3 of this dissertation continues to investigate the relationship 
between GSI and trading volume. 
Like volatility, the high trading volume is also an anomaly which is used as 
evidence of market inefficient, for there should be minimal trading as rational 
models of investing predict. Nevertheless, real equity markets perform much 
higher trading volume that can hardly be explained by traditional theories 
(Thaler and Barberis 2003). Besides enormous amount, the trading volume also 
changes across time. In Chinese Shanghai stock market, the trading volume is 
relatively moderate during the bear market, about 100M hands in 2010~2014. 
But it hovers to more than 800M hands in the 2015 bubble. Actually, the high 
trading volume is a distinguished feature of financial bubbles. As Cochrane 
(2011) writes: “Every asset price “bubble” . . . has coincided with a similar 
trading frenzy, from Dutch tulips in 1620 to Miami condos in 2006. . ..” So, 
as he asks, “why do investors trade such enormous quantities?” And, 
what makes investors trade more during certain periods, financial bubbles for 
example, than during other periods? 
Using the same method of Chapter 1, we construct the GSI (Greenwood and Shleifer 
Index) and test its relationship with trading volume for several financial 
markets. Our sample includes the developed stock markets, the future markets, 
the emerging stock markets and the Bitcoin market. The key difference to be 
noticed between these markets is the short-sale constraint. Short-sale 
constraint, as a sign of market incompleteness, can impact stock market 
enormously. In many emerging stock markets and in the Bitcoin market, the 
ability to short sell is nonexistent (Kraus and Rubin 2003). But unlike the 
emerging stock market, in the future market, investors are free to choose 
long-position (buying in the contract) or short-position (selling out 
contract), which makes it a distinguished feature of the future market compared 
with other financial markets. Besides, short-selling in the developed stock 
markets are much easier too. 
Several interesting findings arise from our empirical test. First of all, 
trading volume is related to GSI in all of the financial markets, but with 
different level of significance: for the emerging stock market and the future 
market, both positive and negative GSI can significantly affect trading volume, 
however, for the developed stock market, only negative GSI can significantly 
affect trading volume. This indicates individuals’ extrapolation belief does 
influence the trading volume. The more interesting finding is the different 
relationship between GSI and trading volume in different financial markets. 
In the emerging stock market or in the Bitcoin market, where short-sale is 
difficult for investors, trading volume is positively related to |GSI| when 
GSI>0, but negatively related to |GSI| when GSI<0.This indicates, in these 
markets, individuals’ positive extrapolation belief increases trading volume 
but their negative extrapolation belief decreases the trading volume. This 
finding is consistent with some previous researches which suggest a positive 
correlation between trading volume and past returns, such as Statman, Tholey, 
and Vorikink (2006), Glaser and Weber (2007), Zaiane and Abaoub (2009). 
But our finding about the relationship between GSI and trading volume in the 
future market and the developed stock market distinguishes our research with 
previous ones. According to our regression results for Brent Crude Oil market, 
Shanghai Gold Future market, Shanghai Silver Future market, as well as Shanghai 
Copper Future market, no matter GSI is positive or negative, the relationship 
between |GSI| and trading volume is always positive. In other words, in the 
market where selling short is available to investors, individuals’ negative 
extrapolation belief can also increase the trading volume, which is just the 
opposite to the emerging stock markets and the Bitcoin market. 
These confusing findings raise at least two questions. Firstly, why trading 
volume can be impacted by individual investors’ extrapolation belief. 
Secondly, how can short sale constraint play such an important role in 
determining the relationship between trading volume and individual’s 
extrapolation belief? Fortunately, this paper finds, with a simple 
modification, our model in Chapter 2 can efficiently address these rubs. 
Chapter 4 illustrates this modified new model in detail. 
The only modification we made, with other model settings being the same, is 
that extrapolators are heterogeneous with each other by the way that each 
extrapolator has his own bias when evaluating the information about the risky 
asset’s cash flow. This modification is well evidenced by many facts that 
can generate differences among investors, like “Gradual Information Flow” 
(Hong and Stein 2007), “Limited attention” (Peng and Xiong 2006, Corwin and 
Coughenour 2008), “Heterogeneous Prior” (Harris and Raviv 1993, Kandel and 
Pearson 1995), and so on. This modification is crucial to our new model, because 
it makes extrapolators not only trade with fundamentalists but also trade with 
other extrapolators. This is because, as discussed in Chapter 2, information 
innovations can affect extrapolators by enhancing their expectation when the 
information is consistent with their prior extrapolation belief or by 
weakening it when the information is contradictive. Therefore, some 
extrapolators will be more optimistic than others even if they observe the 
same price trend and hold the same extrapolation belief, just because their 
“received”information is better than others. Or, they may be pessimistic 
compared to others because their “biased” news is not as good as others. 
Therefore, optimistic extrapolators will buy shares from those who are 
pessimistic. Additionally, the difference between extrapolators’ expectation 
grows as their extrapolation belief increases, because in our model, 
extrapolators’ difference about the news innovation is amplified by their 
previous extrapolation belief. The stronger extrapolation belief they are 
holding, the more diffuse their expectation will be. 
We discuss our model’s prediction in two situations, “no short-sale 
constraint” and “short-sale constraint”. When investors can sell short, 
like in the future market, the positive correlation between |GSI| and high 
trading volume is a natural outcome of our model. As in our model, when 
individuals’ extrapolation belief (|X#|) increases, the difference between 
extrapolators and fundamentalists, and the difference between 
different extrapolators all become more significant. Their demand changes more 
significantly too. Consequently, trading volume of the whole market increases 
as the magnitude of individuals’ extrapolation belief grows, just like what 
happens in the future market. 
In the second situation investors are facing short sale constraint. During 
the bull market, extrapolator’ enthusiasm makes the equity be overvalued and 
gradually drive fundamental traders away. But trading volume wouldn’t reduce 
even whenfundamentalists quit the market. As the price continues rising, 
individuals’extrapolation belief will become stronger, and accordingly, the 
difference among them will grow bigger. Therefore, the same small degree of 
bias that generates little volume in the beginning, endogenously generates 
intense volume: the difference caused by the news adjustment on their 
expectation are now so large in magnitude. 
Nevertheless, during the bear market, where extrapolators are too pessimistic 
than they should be, extrapolators are forced to stay out of the market. Market 
are left with only fundamentalists. Trading volume will now be caused by the 
difference among fundamentalists instead of by the difference between 
fundamentalists and extrapolators in the earlier stage. As fundamentalists 
are much more homogenous compared with extrapolators, the trading volume would 
decrease, which just explains the negative relationship between |GSI| (GSI<0) 
with trading volume as our empirical test finds. 
Further, by simulation, we show our model can help us to get a better 
understanding of financial bubbles 
Financial bubbles seem to be a chronic disease of the financial market, during 
which the coexistence of high trading volume and high volatility can always 
be found in these torrential stages (Xiong and Scheinkman 2003). Nevertheless, 
despite all the efforts scholars have devoted to financial bubbles, we still 
cannot fully understand them. 
Traditional models of financial bubbles have been able to address why bubble 
occurs, but not the fact of why the high trading volume and the high volatility 
always exist. 
Although, more recent models like Scheinkman and Xiong (2003) and Barberis 
et al. (2016), can partly explain the two features, they all have their 
shortages. Unlike previous theories, we believe our model can efficiently 
explain the origination of financial bubbles, as well as their two most 
important features. By our theory, the bubble occurs as follow: in the initial 
stage, some positive information lift price up, causing individuals to 
extrapolate. Extrapolators’ enthusiasm leads price to rise even higher, which 
will make the individual extrapolate more in return. Under certain 
circumstance, as this process continues, a bubble will be generated by their 
extrapolation belief. Volatility and trading volume will grow endogenously 
as they are positively correlated with individual investors’ extrapolation 
belief. With simulation, we show how powerful of our model to explain the 
financial bubbles.To conclude, this thesis makes several contributions. 
Firstly, this thesis is the first one to empirically explore the relationship 
between volatility, trading volume and individuals’ extrapolation belief. 
Secondly, we confirmed some stylized facts that previous researches are 
missing, for example, the asymmetric GSI-volatility relationship and the 
asymmetric GSI-volume relationship in different markets. Thirdly, we build 
a new extrapolative model which not only can help us to understand the trading 
volume and volatility in financial markets, but also gives a better explanation 
about the financial bubbles. 
 





 第1章"The time-varying Volatility and Extrapolation Belief"は，資産価格
ボラティリティの相当部分が経済変数よりもむしろ市場参加者の外挿的予想によ
って説明しうることを初めて示した独自性の高い実証的研究であると認める。 
 第2章"Extrapolation, Confirmation Bias and Volatility"は，第1章で経験的
に見出された価格ボラティリティと外挿的予想との関係を，確証バイアスと呼ばれ
る行動経済学的仮説に基づいて説明する理論的研究であり，有意義と認める。 
 第3章"Extrapolation Belief and the Trading Volume"は，資産取引高もまた，
市場参加者の外挿的予想によってその相当部分を説明しうることを初めて示した
独自性の高い実証的研究であると認める。 
第4章"Extrapolation Belief, Trading Volume and Bubbles"は，第3章で経験的
に見出された資産取引高と外挿的予想との関係を，確証バイアス及び空売り制約の
存在と，外挿的予想者の多様性に基づいて説明する理論的研究であり，有意義と認
める。 
以上の研究は先行研究の一定の理解に基づき，新しい知見ないし貢献を付け加え
ているものであり，今後に独立して研究活動に携わる為の資質を示している。よっ
て本論文の審査の結果， 
博士（経済学）として合格であるとする。 
 
